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I n c l u s i v e  measurements of t h e  l i n e a r  momentum E /A 
t r a n s f e r  d i s t r i b u t i o n  have been performed a t  E/A = 25, 
30 and 35 MeV and e x c l u s i v e  s t u d i e s  of l i g h t  charged 
p a r t i c l e s  a s  a  f u n c t i o n  of l i n e a r  momentum t r a n s f e r  
have been performed a t  E/A = 25 MeV f o r  t h e  r e a c t i o n  of 
6 ~ i  ions  wi th  2 3 8 ~ .  L inea r  momentum t r a n s f e r  
p r o p e r t i e s  were de r i ved  from measurement of t h e  f o l d i n g  
a n g l e  between co inc iden t  f i s s i o n  fragments . Linea r  
momentum t r a n s f e r  va lue s  and an  upper l i m i t  f o r  t h e  
complete f u s i o n  c ro s s  s e c t i o n ,  summarized i n  Table I, 
a r e  n e a r l y  i d e n t i c a l  a t  t h e  same E/A v a l u e  t o  t hose  f o r  
12c  and 1 4 ~  ions1 (F igu re  1 ) .  Unl ike  t h e  h e a v i e r  i on  
TABLE I 
L inea r  Momentum T r a n s f e r  (LMT) and complete f u s i o n  









  beam) 1303 M e ~ / c  1423 MeV/c 1537 MeV/c 
Most probable  LMT 1088 MeV/c 1157 MeV/c 1100 MeV/c 
Most probable  
LMT/~beam 0.85 0.81 0.72 
Most probable  LMT/A 188 ~ e V / c  193 M ~ V / C  183 MeV/c 
F igu re  1. P l o t  of ( a )  most probable  momentum t r a n s f e r  
r e l a t i v e  t o  t h e  beam momentum, pllmp/pbeam, ( b )  t h e  
average  momentum t r a n s f e r  r e l a t i v e  t o  t h e  beam, 
<pll>/pbeam, and (c )  t h e  upper l i m i t  f o r  t h e  r a t i o  of 
t h e  complete f u s i o n  c r o s s  s e c t i o n  t o  t h e  t o t a l  r e a c t i o n  
c r o s s  s e c t i o n ,  a l l  p l o t t e d  a s  a  f u n c t i o n  of t h e  beam 
v e l o c i t y  above t h e  Coulomb b a r r i e r  ( lower s c a l e )  and 
E/A (upper s c a l e ) .  S o l i d  c i r c l e s  a r e  t h e  p r e s e n t  d a t a ,  
open c i r c l e s  a r e  from Ref. 1 and open squa re s  a r e  
averages  f o r  s l i g h t l y  l i g h t e r  n u c l e i  from Ref. 2. 
S o l i d  l i n e s  summarize va lue s  f o r  heavy-ions ( 1 2 ~ - 4 0 ~ r )  
and dashed l i n e  is f o r  4 ~ e  i ons .  
Average UfT 967 MeV/c 986 MeV/c 956 M ~ V / C  d a t a ,  t h e  average  l i n e a r  momentum f o r  6 ~ i  is about t e n  
pe r cen t  h ighe r  a t  each E/A v a l u e  and t h e  s a t u r a t i o n  i n  
Average LMT/pbeam 0.74 0.69 0.62 
l i n e a r  momentum t r a n s f e r  p r o p e r t i e s  occurs  a t  E/A = 30 
Average LMT/A 161 MeV/c 164 MeV/c 159 MeV/c MeV r a t h e r  t han  E/A = 35 MeV. 
The e x c l u s i v e  l i gh t - cha rged -pa r t i c l e  d a t a  r e l a t i v e  t o  t h e  beam momentum, pl1/pbeam, a r e  shown i n  
demonst ra te  t h e  e x i s t e n c e  of f i s s i o n  fo l l owing  t h e  F ig .  2. The d i s t r i b u t i o n s  a r e  d iv ided  i n t o  low- and 
t r a n s f e r  of a l l  p o s s i b l e  components of t he  6 ~ i  high-energy b in s ,  but  show l i t t l e  s e n s i t i v i t y  t o  t h i s  
p r o j e c t i l e ,  i n c l u d i n g  i n e l a s t i c  s c a t t e r i n g .  Absorpt ive  parameter .  For t h e  forward-angle measurements two 
breakup i nvo lv ing  4 ~ e  - *H c l u s t e r  s t r u c t u r e  is found components a r e  appa ren t  i n  t h e  d a t a ;  one cor responding  
t o  be t h e  dominant r e a c t i o n  mechanism. L inea r  momentum t o  low LMT processes  wi th  p l l /pbeam = 0.2 and t h e  second 
t r a n s f e r  (LMT) d i s t r i b u t i o n  f o r  t h e  f i s s i o n i n g  nucleus  t o  h igh  LMT even t s  w i th  p ~ ~ / p b e a m  = 0.75. I n  t h e  former 
c a s e  one expec t s  t h r e e  p r o j e c t i l e  f r agmen ta t i on  
channels  t o  c o n t r i b u t e  t o  t h e s e  y i e l d s  : 




LOW ENERGY P HIGH ENERGY p 
( 6 ~ i ,  6 ~ 1 * + a  + d*+a + p + n ) .  These t h r e e  p roce s se s  
a r e  not d i s t i n g u i s h a b l e  w i th  our expe r imen t a l  method. 
Pro ton  emiss ion  a s s o c i a t e d  w i th  h igh  LMT v a l u e s  can be 
i n t e r p r e t e d  i n  terms of a b s o r p t i v e  breakup i nvo lv ing  
c a p t u r e  of an a lpha  p a r t i c l e  a s  t h e  dominant mechanism, 
wi th  some c o n t r i b u t i o n  due t o  complete f u s i o n  and A = 5 
c a p t u r e  . 
At backward ang l e s  (0 = 150') we observe  only  
p ro tons  w i th  s i g n i f i c a n t  y i e l d s .  These p ro ton  s p e c t r a  
a r e  a s s o c i a t e d  w i th  complete momentum t r a n s f e r  (hence ,  
pll/pbeam = 1.2 f o r  t h e  f i s s i o n i n g  nuc l eus ) .  I n  
a d d i t  i o n ,  t h e  nuc l ea r  tempera ture  i n f e r r e d  from t h e  
cor responding  s p e c t r a  i s  more t han  t h r e e  t imes  a s  l a r g e  
as t h a t  f o r  a f u l l y - e q u i l i b r a t e d  compound nucleus .  
S i m i l a r  obse rva t i ons  f o r  6 ~ i  p r o j e c t i l e s  have been 
r epo r t ed  by Vigdor e t  a12 a t  lower ene rg i e s .  
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c e n t r o i d s  f o r  t r a n s f e r  of a s i n g l e  nucleon and a  4 ~ e  i on  
(a)  i n d i c t e d  by arrows.  
